Abstract
Introduction
Unruptured intracranial aneurysms (UIAs) occur about twice as often in women as in men [1] . The prevalence of UIAs in women increases more rapidly with age: 2.7% in women < 40 years versus 5.4% in women > 50 years [1] . A reduction in estrogen levels has been suggested to have a pathogenic role in aneurysm formation [2] . Thus, a physiologic decrease in estrogen with menopause could explain this rapid increase. The impact of menopause on UIAs and their treatment outcomes with endovascular therapy have, however, not been systematically studied.
We hypothesized that premenopausal age may have a protective role on presentation size and treatment outcomes in patients with UIAs compared to postmenopausal age.
Methods
After obtaining IRB approval, we retrospectively reviewed our database of all consecutive patients undergoing endovascular neurosurgical procedures from April 2008 to April 2014. Female patients harboring UIAs which were treated with endovascular therapy at our institution were included in the study. Male patients and patients with aneurysms associated with other vascular malformations, like anteriovenous malformations, were excluded from the study. The average age of menopause (51 years) in the Western world was used to divide patients into a premenopausal age (PRM) group and a postmenopausal age (POM) group [3] .
Basic demographics including age, history of hypertension, diabetes, dyslipidemia, smoking, alcohol abuse, use of hormone replacement therapy, and use of oral contraceptive pills were collected. Aneurysm characteristics included location and number of aneurysms, size of treated aneurysm, number of lobes of treated aneurysm, and aspect ratio of treated aneurysm. Morphological parameters of the aneurysms were acquired from digital subtraction angiography imaging in all patients based on previously described methods [4, 5] . Modality of treatment utilized in each patient was recorded. Procedural outcomes were determined by degree of occlusion (Raymond-Roy classification). Posttreatment and postprocedural complications were recorded. Follow-up angiographic data, if available, was collected.
Univariate and multivariate analysis of patient with unruptured internal carotid artery (ICA) segment aneurysms treated using endovascular means was separately performed. Data was analyzed in a univariate analysis using the χ 2 test with odds ratio and one-way ANOVA using SPSS software (version 22; IBM Corporation, Armonk, NY, USA). Variables with a p value < 0.20 were included in a multivariate logistic regression model to evaluate the association with POM. Statistical significance was designated as p values < 0.05.
Results
A total of 4,889 endovascular neurosurgical procedures were performed at our institution from April 2008 to April 2014. Among these, a total of 117 women were found to be eligible for our study: 23 were in the PRM group (with a mean age of 43.2 ± 7 years) and 94 were in the POM group (with a mean age of 63.9 ± 7.5 years). Among the baseline characteristics, hypertension was present in 61% of all patients in the POM group versus 35% in the PRM group (p = 0.034). All other baseline characteristics including diabetes, dyslipidemia, smoking and alcohol consumption, and hormone replacement therapy were found to be similar between these 2 groups (Table 1) . Aneurysms were analyzed by location, and patients in the PRM group were found to have a higher percentage of aneurysms in the ICA segments as compared to the POM group (p = 0.03) and, hence, these patients were selected for further analysis. ICA segment aneurysms were seen in 81 patients (76.7% in the supraclinoid segment and 23.3% in the cavernous segment). A total of 21 patients in the PRM group and 60 in the POM group were found to have ICA segment aneurysms. All these patients had similar baseline characteristics. Patients in the POM group showed a trend to a greater aneurysm size (10.8 ± 5.6 mm) as compared to patients in the PRM group (8.6 ± 3.9 mm) on univariate analysis (p = 0.055). A trend to a greater aneurysm neck size was also seen in the POM group versus the PRM group (4.7 ± 2.5 vs. 3.7 ± 1.7 mm; p = 0.07). Interestingly, patients in the PRM group were found to have a greater mean number of lobes compared to patients in the POM group (p = 0.08). All other aneurysm characteristics were found to be similar between the 2 groups. Patients had similar numbers of major and minor complications of treatment and outcomes (Table 2) . In multivariate analysis, statistical significance was found for a higher number of UIA lobes in the PRM group (p = 0.026), while all other variables were found to be statistically nonsignificant.
Discussion
Intracranial saccular aneurysms are fairly common in the general population with an estimated prevalence of around 1-5% [6] . Pathologically, they are characterized by localized structural deterioration of the arterial wall with loss of the internal elastic lamina and disruption of the media [7] . Risk factors for cerebral aneurysms include autosomal dominant polycystic kidney disease, a family history of cerebral aneurysms or subarachnoid hemorrhage, female sex, older age, hypertension, and smoking [1, 2, 8, 9] . The impact of postmenopausal age, on UIAs and treatment outcomes with endovascular therapy have not been well studied. In this study, we found a trend to increased UIA maximal diameter and neck size in the POM group compared to the PRM group. Although, the PRM group had a significantly higher number of UIA lobes.
In a large meta-analysis by Vlak et al. [1] , women were found to suffer twice as often from UIAs as men. In this same study, the prevalence of UIAs increased from 2.7% in women < 40 years to 5.4% in those > 50 years, suggesting a possible role of lack of estrogen in aneurysm formation [1] . A recent study additionally showed a modestly greater clustering of intracranial aneurysms in women with a family history of aneurysms [10] .
In our study, we only evaluated UIAs in women treated with endovascular therapy and, hence, did not evaluate a gender disparity. However, we did have a greater number of women in the POM group than in the PRM group (n = 94 vs. 23). This finding could be confounded by the increase in age alone, since we used the standard menopausal age of 51 years as cutoff.
Two major epidemiological studies have evaluated rupture risk of intracranial aneurysms: The International Study of Unruptured Intracranial Aneurysms (ISUIA) and the Unruptured Cerebral Aneurysms Study (UCAS). Both these prospective studies have determined aneurysm size to correlate with rupture rates [11, 12] . A study by Hoh et al. [13] showed ruptured aneurysms to have significantly greater dome heights, aspect ratios, maximum diameters, and size ratios than unruptured aneurysms. In our study, we found a trend to increased UIA maximal diameter in the POM group compared to the PRM group (10.8 ± 5.6 vs. 8.6 ± 3.9 mm). These morphological characteristics suggested a greater rupture risk of aneurysms in the POM group as compared to aneurysms in the PRM group based on prior studies. However, endovascular therapy outcome analysis in our study did not show any difference in the procedural outcome (Raymond-Roy classification) or the complication rate between the PRM and the POM groups. To confirm the hypothesis of a higher rupture rate due to the trend to increased UIA diameter in the POM group, larger prospective studies need to be done.
Several studies have supported a hormonal effect on risk of aneurysmal subarachnoid hemorrhage. Harrod et al. [14] concluded that deficiencies in estrogen-mediated cerebral homeostasis in menopausal and postmenopausal women was a potential factor contributing to cerebral aneurysm pathogenesis and rupture. A population-based cohort study found a lower risk for subarachnoid hemorrhage in premenopausal women compared with agematched postmenopausal women, especially in those without a history of smoking or hypertension [15] . In our study, we found the mean ICA aneurysm size to be 8.6 mm in the PRM group versus 10.8 mm in the POM group (p = 0.055). The mean aneurysm neck size was found to be 3.7 mm in the PRM group versus 4.7 mm in the POM group (p = 0.07). This finding in POM women may be attributed to a loss of vascular protective effect of estrogen in this population.
However, interestingly, the patients in the PRM group were found to have a greater number of bi-lobed (3/21 vs. 2/60) and tri-lobed (1/21 vs. 1/60) aneurysms as compared to the patients in the POM group. Lobulation has been found to weakly correlate with rupture risk in a few studies [5, 16] . In our study, the PRM group had a significantly higher number of UIA lobes. There are likely 2 possibilities from this scenario: (1) lobulation may be associated with premenopausal age but there is no correlation with rupture risk; (2) lobulation correlates with rupture risk but the association with the PRM group is by chance in our cohort. The clinical significance of this finding is unclear at this time and needs to be further evaluated.
Limitations
We acknowledge that our study has certain limitations. Given the retrospective nature of the study, we cannot eliminate a potential treatment bias contributing to the findings in the study. Additionally, we do not have a documented "true menopausal status" for the patients in our study and a lack of hormonal measurements. The use of the mean menopausal age to striate groups can potentially be a source of selection bias, and the selection of group by age could be a confounder in our study. Future studies may also include a male control cohort with similar other demographics. Other limitations include the selection of ICA aneurysm cases only.
Conclusion
The results of this study demonstrate that women of premenopausal age have a higher numbers of aneurysm lobes, while those of postmenopausal age tend to have a larger UIA size. Larger prospective studies focused on the menopausal status and the risk of rupture in this population are required to verify the findings of our study.
